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ABSTRACT

An existing single-tree, distance-independent nodel of stand

devel opnent, the Forest Vegetation Simulator (FVS), was invoked to
provide an enpirical |ink between the Colunbia River Basin SUccessi ona
Model (CRBSUM, devel oped for a planning project for the Interior

Col unbia River Basin, and the real world. CRBSUM noves a pixel through
a series of successional classes that represent the successiona

pat hway. Each class is defined by a conbination of potentia
vegetation, structural stage, and species type. Because t he
classification systemused in CRBSUMis new, there is little enpirica
data available to attribute details of stand volunes and potentia
harvest volunes to the classes. The objective of this analysis was to
provi de objective estimtes of the volunes for the CRBSUM si nul ati ons.
These attributes were estimted by projecting collections of sanple
stand inventories with three geographic variants of FVS (Prognosis).
The strong enpirical bases upon which these variants of FVS are
calibrated, conbined with the actual sanple inventories, provided
estimates of tinber volunmes that would be affected by the disturbances

schedul ed i nto the CRBSUM scenari os.
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I NTRODUCTI1 ON

Forest succession can be nodelled at two very different degrees of

resol ution, either as an area noving through a sequence of devel oprmenta
stages, or as a collection of individual plants changing through birth,
accretion, and death. 1In this paper, we report how nodel s at these two
extremes were |linked to support a broad-scal e planning project for the
Col unbia Basin in the Northwestern United States. The successiona

pat hway nodel (Col unbia R ver Basin SUccessi onal Mdel - CRBSUM was
devel oped by Keane and others (1995) for explicit use in the Interior
Col unbia River Basin Scientific Assessnent (I CRB) project. The

i ndividual -tree nodel is the U S. Departrment of Agriculture Forest
Service's Forest Vegetation Sinulator (FVS). (Note: The FVS nodel ling
systemis docunented in the scientific literature as the Prognosis Mde
for Stand Devel opnent (Stage 1973, Wkoff and others 1982). However,
along with its nunerous geographi cal variants devel oped and nai nt ai ned
by the USDA Forest Service, Tinber Managenent Service Center in Fort

Collins, Colorado, the systemis known collectively as FVS.).

Quantitative enpirical data on stand devel opnent and on successi ona
rates and pat hways were already available in the Forest Vegetation
Simul ator (FVS) system Many of the insect and pathogen effects are
represented in the various pest extensions maintained by the Forest
Service's Forest Pest Managenent Methods Application Goup. This
enpirically based collection of information, although relevant, is not

inaformthat is useable by CRBSUM The hiatus is due to inventory and
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conputation limtations inposed by the vast, unprecedented geographic

scope of the assessnents.

The objectives for our endeavor relating to volune estimtion were:
1. To provide a procedure for estimating standi ng bi omass and
ef fects of disturbances on the standi ng bi onass for each pixel in
t he CRBSUM out put .
2. To provide estinmates of nerchantabl e volunes that could be

harvested under alternative nanagenent treatnents.

VOLUME ESTI MATI ON

The FVS sinulations estinmate volume of the stand and vol ume of renoval s
at each decade throughout the stand devel opnent. The question was

rai sed whet her these sinulations could be anal yzed to provi de CRBSUM
with estinmated harvest volunmes. There were, however, two najor
obstacl es: (1) CRBSUM does not provi de consi stent successional ages for
all pathways into a structural stage/Potential Vegetation Cass cell
and (2) the inventory data used to initiate the simulations do not

consi stently provide stand ages. These obstacl es were overcone by
noti ng that CRBSUM does store the tine renmaining before transition to

t he next stage al ong the successional pathway for each pixel. This
vari abl e provided a crude "age conplenent." Thus, volunes per acre
provi ded by the FVS simulations were tabul ated by years renmaining in the

class for subsequent merging with CRBSUM out put .
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Specific steps were:

1. Prepare an FVS post-processor to classify a tree list into SAF
cover type, and structural stage.
2. ntain stand inventories in FVS fornat.
3. Run FVS from bare ground using the natural regeneration option
and fromexisting inventory files of real stands to produce tree
lists and vol ume sumaries for each decade in a 300-year
projection. Repeat for each nethod of harvest.
4. Process tree-list outputs through the classifier to assign a
structural stage to each decade for each stand and nethod of
har vest .
5. Sort the volunme data by time rermaining in the structural stage
and by PVC, and geographic |ocation (nearest National Forest).
6. Interpolate and extrapol ate the nean vol unes to cover the ful

range of classes represented in the CRBSUM si mul ati ons.

Cassification into Structural Stages

Structural stages used in the Colunbia R ver Basin Assessnent as defi ned
by Kevin O Hara (1994) are displayed in table 1. Key elenents in the
classification are the nunber of distinct strata (age cohorts) in the

stand and the sizes of trees in the uppernost stratum

W viewed the tree lists generated by the FVS as we thought they would
appear to a photo interpreter-in terns of crown cover and tree height.

Crown area was estinmated for each tree in the Iist using equations
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derived by Meur (1981) for which there has been sone testing agai nst
phot o- based data (Meur 1986). The tree list was then sorted by tree

hei ght .

Boundi ng the strata

Strata were defined by searching for discontinuities in the vertica
crown structure of the sorted list. Atree was narked to indicate the
potential top of a lower stratumif its top was |ower than the top of
the preceding tree by nore than 30 percent of the total height of the
preceding tree in the list. 1In our forests, dominant trees in closed
stands have crowns that vary around 40 percent of total height.
Therefore, the 30 percent criterion would translate into an overl appi ng

by the shorter tree of the lower quarter of the taller tree's crown.

In this process of defining gaps in the crown structure, it was
important to ignore tree records that represent an insignificant nunber
of trees in the stand because of previous nortality or because of
harvest in the class that the record represents. The absol ute nmagnitude
of this threshold will vary with the sanpling intensity of the stand

i nventory, so two criteria were used to ignore inconsequential records.
A tree record was ignored if the record represented | ess than 0.001
trees per acre ( 0.00247 trees per hectare) or if the snaller tree
represented |l ess than 0.01 tinmes the contribution to density of the

previous tree. (Note: Mst sanpling rules produce lists in which the
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nunber of trees represented by a record increases as tree size

decreases.)

Next, the list of potential gaps was sorted, and the two | argest gaps
were deened to bound three potential strata. Total crown cover
represented by the tree records in a potential stratum nust equal or
exceed 5 percent of ground surface area to be considered a valid
stratum This cutoff was selected to agree with the instructions given
to the photo interpreters. Size of trees in the dom nant stratum was
calculated by finding the tree record at the 30t percentile in the

di stribution of crown cover. The nmean dianeter at breast hei ght (dbh)
of the nine tree records centered on the 30" percentile record in this
sorted list defined the size assigned to the stratum The 30"
percentil e was chosen instead of the 50t" percentil e because the |arger

trees are nore readily visible on the photos.

Devel opnent of an exanple stand in the cedar/hem ock Potentia

Veget ati on Type, generated ab initio by the Regeneration Establishnent
Model (Ferguson and Crookston 1991), is illustrated at 30 year intervals
in figures 1 through 5 (drawn by the Stand Visualization System

[ MGaughey and McCarter 1995] fromtree lists generated by FVS). The
classification algorithmapplied to the list of trees at 10 year
intervals in the simulation showed that the stand passed through five
structural stages: nonforest, stand initiation (duration = 10 years),

stem excl usion (50 years), understory reinitiation (20 years), back to
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stem exclusion (30 years), and finally to Ad forest single stratum (30

years).

HARVEST SI MULATI ON

Har vest di sturbances were grouped into four types: (1) conplete stand
harvest or partial harvest, which in turn is divided into (2) a thin
frombelow, (3) a shelterwood cut, and (4) a sel ective harvest spread
across all size classes of trees. During each sinulation run of CRBSUM
a random nunber generated froma uniformdistribution was conpared to

t he di sturbance probability for each of the types of harvest of a given
pixel. If the pixel is selected for harvest, it is reclassified

according the identified di sturbance pathway (Keane and others 1996).

CRBSUM was nodi fied to record, for each pixel designated for harvest,
the years renmi ning before the pixel would nove to the next successiona
stage, or the transition year, as well as a unique harvest code. This
harvest code key to an associated table with informati on about the PVT,
structural stage, and type of harvest. CRBSUM al so records this sane

i nformati on on a Volunme Map, capturing the harvest data in a spatia
environnent. This data were then overlaid with other nap thenes,

i ncl udi ng nmanagenent regi on, National Forest, and watershed, and
conpiled in a database. A report was generated fromthis database
providing all the data necessary to conpute volumes. |In a subsequent
calculation, a volune per acre cut sumarized fromthe FVS sinulations

was rmultiplied by the acres cut in the CRBSUM simulation. This
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procedure is a sinple refinenent of the acres disturbed by harvest that

was al ready a pl anned report from CRBSUM

The nmerit of this approach is that it relies on the future course of
devel opnent of stands as sinulated by FVS without relying on the effect
of past stand devel opnent as enbodi ed i n successional age. The vol une
estimate is derived by a nethod that is logically i ndependent of the
anal ysis of residence tinme. It does not, therefore, require any
assunptions that mght contradict the |ogic behind the derivation of the
paraneters that are input to CRBSUM and which ultimately define the
nodel . It does, however, rely on the ability of the classification
logic to properly label the structural stages. The responsibility for
inserting a stand at the appropriate successional age within a class
during the CRBSUM run remains with those experts who define CRBSUM by

providing the residence tines.

For conpl ete stand harvest, the volune that could be harvested by
clear-felling at any tinme is sinply the estinmated standi ng vol une
produced for a non-managenent scenario. For partial harvests, multiple
runs of the same stand invoked partial harvests schedul ed at different
times in the stand' s devel opnent. FVS can, through use of the event
nmoni tor (Crookston 1990), schedule a sinulation of a harvest when
certain stand conditions are met. This capability permts the

i mposition of constraints on whether sufficient volune would be renoved
for an economcally viable operation. For thinnings, the constraint on

whet her to thin or not can be nmade conditional on the density and
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speci es conposition of the stand. These prescriptions can be nmade
specific for the managenent scenario under which the product yield is to

be cal cul at ed

SCQURCE DATA

Two sources of data were analyzed. One set for the grand fir, cedar
and hem ock cl asses of potential vegetation starts each simulation from
"bare ground" by using the Regeneration Establishnment conponent of the
Inland Enpire variant of FVS (Prognosis Mddel for Stand Devel opnent) to
provi de estimates of in-growmh (Ferguson and Crookston 1991). The node
is run for the 158 stands, representing the conbi nati ons of slope,
aspect, elevation, and habitat type that were used in assenbling the
tabl es of stand devel opnent by site index and age (Stage and ot hers
1988). The weights for these stands are proportional to the incidence
of these classes in the forests of the Inland Enpire as derived from
inventories of the National Forests and the Forest Service's Forest

Inventory and Analysis for the remaining forested area.

The second set of anal yses uses ground-based inventories supplied by the
Forest Service's Tinber Managenent Service Center in Fort Collins,

Col orado. These stands were selected in proportion to the area of
forested lands in the Interior Colunbia River Basin. A simulation of

t he devel opnent of each of these stands will be analyzed by the sane
procedures outlined above. The analyses differ because the initial

successi onal ages of the Inventory stands cannot be determ ned. Hence,
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the sinulation can only define a mninumtinme to the first transition
Thereafter, the information is the sane as that derived fromthe
bar e- ground anal yses.

The Regeneration Mddel is invoked in the FVS system after
silvicultural treatnents (thinning or harvest) or by the Event Monitor
whenever specified conditions are attained in the course of stand
devel opnent. For the anal yses of normal successional pathways, the
latter alternative was used. The Regeneration Mddel was cal |l ed whenever
natural nortality caused the Crown Conpetition Factor (CCF) to fal

bel ow 85 and the nean dbh of the stand was greater than 15 cm

Probl ens of Scal e

The broad-scal e | CRB anal yses have a resolution of 1 knt per pixel. The
i nventory data, on the other hand, are fromclusters of 5 to 15 sanple
poi nts per stand or |ocation. At each sanpling point, a conbination of
a smal| fixed-area plot and a variabl e-radi us plot design with basal -
area factors of about 1.5 n¥/ ha. were installed to produce a list of
trees with their associated sanpling probability and tree attributes.
Thi s discrepancy in the spatial extent of the analysis units nust be
consi dered when conparing the successional pathways in CRBSUM with those
generated by FVS. asses generated fromFVS data will have |arger
sanpling variability because they represent snall areas. Therefore, the
rare or unusual classes will occur nore frequently in the FVS

simul ati ons than i n CRBSUM
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RESULTS

Har vest Vol umre

Harvest volunes for each of the four harvest types (clearcut, thinning,
shel terwood, and partial cut) were averaged separately for each

conbi nation of tine remaining to Successional Stage transition, PVT
structural stage, and the National Forest fromwhich the inventory data
had been obtained. This last |evel of delineation provided a crude
nmeans to | ocalize the volune data for effects not related to PVT and
structural stage. In addition to neasures of cubic volune, basal area
and nunbers of stens were also summarized so that the relative size of

the trees harvested could be displ ayed.

The final step was to prepare sunmary software to extend the vol une data
for each geographic area. Although the inventory data were extensive,
there were inevitabl e gaps when the areas harvested in the CRBSUM
simul ati ons were matched with the FVS-produced vol une data. Therefore,
the sunmary software was programed with substitution rules. Default
data were sought first from nearby geographic areas, then fromsimlar
types of potential vegetation with adjustnents for relative

productivity.
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As a final check on the calculation of volunes, the Forest Service has
contracted with ESSA Technol ogies, Ltd., to incorporate the vol une
calculations into the Vegetation Dynam cs Devel opnent Tool sinulation
package (VDDT). Wth this tool, we can identify and eval uate possibl e
i nconsi stencies in volune devel opnent that are the consequence of

linking these two di sparate nodelling systens.

DI SCUSSI ON

There were two significant outcones of this endeavor. First, we showed
that it was possible to provide an enpirical foundation for a purely
subj ective nodel by building links to a nodel with a strong enpirica
basis. However, the |inkage does not replace all subjective
assunptions. Rather, it replaces the need for assunptions that can be
verified only through |long-termstudies with assunptions that can be

verified by one-tine observations.

Second, we showed that it is possible to provide a subjective
successi onal pathways nodel with objective estimtes of stand
attributes, such as standi ng bi omass and harvest vol unes, wi thout the

need for field sanpling.
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TABLE CAPTI ONS

Table 1--Definition of structural stages.

FI GURE CAPTI ONS

Figure 1--Exanple of Stand Initiation Structural Stage based on

classification of the Forest Vegetation Simulator tree list at 10 years.

Figure 2--Exanple of Stem Exclusion Structural Stage based on

classification of the Forest Vegetation Simulator tree list at 40 years.
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Figure 3--Exanple of Understory Reinitiation Stage based on

classification of the Forest Vegetation Simulator tree list at 70 years.

Figure 4--Exanple of Stem Exclusion Structural Stage based on
classification of the Forest Vegetation Simulator tree list at 100

years.

Figure 5--Exanple of Ad Forest-Single Stratum Structural Stage based on
classification of the Forest Vegetation Sirnmulator tree list at 130

years.

Fi gure 6--Conparison of rates of succession as nodel |l ed by CRBSUM and
Forest Vegetation Sinulator for Cover Types of the Cedar/Hem ock

Potential Vegetation Type.
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Ret rogression Al gorithm

Steps to avoid illogical transitions:

1. Place a narker in each cell of the "From To" transition matrix that
signifies retrogression (information obtained fromthe successional pathway
di agrans) .

2. For each devel opnental sequence, classify the tree list into the
correspondi ng sequence of cl asses.

3. Scan the class sequence for transitions.

4. If the transition is not retrogressive, then enter data for residence
time. Qherwise (the transition is retrogressive) conpare the nean di aneter
of trees in the dom nant stratum of the source class to the upper boundary of
the receiving class. |If the difference is less than 1/6 of the interval
spanned by the definition of the receiving class, then change the receiving

class to equal the source class (erase the retrogression).

Not e: Decreases in nmean dianeter that cause retrogression nmay be a consequence
of new regeneration entering the tree list. The above algorithm in effect,
decreases the boundary di aneter of the nore advanced class, so that the stand

does not so quickly | eave the advanced cl ass.



Tabl e 1--Definition of structura

st ages.

D aneter size class of uppernost stratum

Nunber
of Seedl i ngs/ Pol e/ smal | Large sawti nber
strata . ! !
sapl i ngs / medi um >25 inches
< 5 inches sawt i mber
5 - 25 inches
1 St and Stem ad forest
initiation excl usi on single stratum
2 Not Under st ory ad forest
appl i cabl e reinitiation multi-strata
3+ Not Young forest ad forest

appl i cabl e

multi-strata

multi-strata




Figures 1,2,3,4 and 5 not available
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